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R1024Motor Learning: Passing a Skill
from One Hand to the Other
A recent study has provided surprising new insights into the neural
mechanisms underlying our ability to transfer a learned motor skill from
one hand to the other.Niels Birbaumer
Once we have picked up
a telephone and selected
a particular combination of
numbers with one hand it is easier
to do the same thing again, even
with the opposite hand. If we learn
on our first day of skiing to turn to
the left, we instinctively trust our
ability to turn to the right without
any specific instruction in the
mirror-image task. The brain
processes underlying this
seemingly automatic ability to
transfer a learnt motor skill
from one side of the body to
another are not well understood.
Understanding this ability, in
identifying the brain areas
involved in intermanual transfer
of learned skills, is important,
for example, for the development
of treatments for unilateral
movement disorders. New work
by Perez et al. [1], published
recently in Current Biology,
has significantly advanced our
understanding of intermanual skill
transfer, an ability that is critical for
survival in a world which requires
rapid modification of skills learned
with one limb only.
This ability depends on the
connection between the two halves
of the brain — ‘split-brain’ patients
with a surgically lesioned corpus
callosum [2] have to completely
relearn in one hand a task learnt
previously in the other, even when
the latter has reached a perfect
level of performance. There is an
upside, however: a split-brainpatient can learn two different
motor skills simultaneously with
both hands without interference,
something people with a properly
connect brain find extremely
difficult.
Intermanual transfer could
thus be a blessing or a drawback,
depending on the context of
procedural skill acquisition and
skill performance. In a stroke
patient, cortical reorganisation
and recovery depend on
ipsilesional brain changes:
interference from the overused
healthy brain hemisphere, and
inhibitory intermanual transfer
from that hemisphere onto the
lesioned one, may be at least
partly responsible for the lack of
improvement in some stroke
patients [3]. These and other
clinical examples illustrate
the critical importance of
understanding the mechanisms of
intermanual transfer, not only for
daily life skill acquisition but also
for treatment and rehabilitation of
brain-damaged patients.
Intermanual skill transfer has
been extensively documented in
motor control studies in healthy
humans (for reviews see [4,5]).
One of the motor tasks that
has been particularly used to
evaluate intermanual transfer of
a motor skill is the serial reaction-
time task [6–8]. One of the
advantages of this task is that it
allows the investigation of two
components of motor sequence
learning. One is a nonspecific
or general improvement inperformance, associated with
optimization of the procedure
required to push the correct
key after presentation of an
unexpected visual stimulus, and
the development of the general skill
necessary to implement the key
press [9,10]. The other component
is related to the order of the
presented sequence, and therefore
sequence-specific; this most likely
reflects learning of both the timing
of the visuomotor procedure and
the order of key presses and the
response locations of the stimuli
[9–11]. The serial reaction-time
task has thus been used in studies
of neuronal substrates underlying
intermanual transfer of learning.
In an earlier study, Perez and
colleagues [8] used the serial
reaction-time task together
with non-invasive transcranial
magnetic stimulation (TMS)
to evaluate a series of
neurophysiological markers of
motor cortical function in both
primary motor cortices and
their interactions during
intermanual skill transfer.
Interestingly, their results
demonstrated that transfer of
learning was accompanied by
changes in motor cortical
function in both hemispheres
and also in inhibitory
interhemispheric interactions
between primary motor
cortex (M1). Moreover, they
observed that modulation of
interhemispheric inhibition
between M1s was associated
with the general performance in
the transfer hand. These
results support the view that
intermanual skill transfer involves
active interhemispheric
interactions through the corpus
callosum [12].
Earlier work in animals
(reviewed in [13]) suggested that
the recipient hemisphere actively
Dispatch
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originally formed in the opposite
hemisphere. Activity in both
hemispheres is therefore
necessary to accomplish the
transfer. This assocation was not
found with the transfer of
sequence-specific features of the
task. These results indicate that
other brain regions, such as higher
level motor regions, might be
involved in the transfer of
sequential elements of the task.
In their elegant new study, Perez
and colleagues [1] used the same
serial reaction-time task, and
combined functional magnetic
resonance (fMRI) and repetitive
transcranial magnetic simulation
(rTMS), to investigate the neural
substrates of intermanual skill
transfer. The fMRI results showed
that individuals who demonstrated
better transfer to the left hand
showed more activity in the
supplementary motor area (SMA).
The brain locations responsible for
the different skill transfer functions
were first identified with fMRI, and
then specifically targeted and
interfered with by rTMS. A virtual
lesion of the SMA by using rTMS
substantially disrupted the
intermanual transfer function.
Importantly, these rseults suggest
that transfer of motor sequence
learning involves a brain region —
the SMA — that is normally
implicated in the learning of
a motor sequence [5]. In addition to
implicating the SMA in intermanual
skill transfer, these results suggest
a time-dependent involvement
of the motor thalamus in the
intermanual transfer function.
Activity in the ventrolateral
posterior (VLp) thalamic nucleus,
measured by fMRI, correlated with
future successful transfer, while
activity in the ventrolateral anterior
(VLa) thalamic nucleus correlated
with passed intermanual transfer.
Together, these fMRI results
suggest a new role for the thalamic
input from the basal ganglia
and cerebellum to the SMA in
successful intermanual transfer of
motor sequential learning. In this
model, the cerebellar input (via
VLp) may contribute to condition
trial-to-trial learning in a manner
suitable to future transfer while the
basal ganglia input (via VLa) may
contribute to online adjustmentsIntermanual transfer of procedural learning
SMA
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GPiCb
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Figure 1. Intermanual skill
transfer.
Intermanual transfer de-
pends on activity of the sup-
plementary motor area
(SMA) of both hemispheres
which is differentially bi-
ased by the indicated brain
regions during early and
late learning [1].required during the intermanual
transfer process (Figure 1). This is
consistent with the view that the
cerebellum has a timing role in
procedure learning, particular for
the initial phases of acquisition
when the time contingencies of the
motor sequence need to be
learned. How the thalamic nuclei
perform these functions and
transmit them to SMA remains
unclear.
These studies together provide
a more in-depth understanding of
the neuronal substrates associated
with different aspects of
intermanual transfer of sequential
learning in humans. The first study
by Perez et al. [8] supports the
current view of the existence of
active interactions through the
corpus callosum, partially through
primary motor cortices, during
sensorimotor process taking place
during intermanual transfer [10].
Although M1–M1 interactions
support general aspects of motor
performance, it is unlikely that they
provide a direct mechanism for the
transfer of the sequential elements
of themotor task. The new study [1]
provides direct evidence for an
SMA-based mechanism
supporting intermanual transfer of
sequence-specific features of
motor skill learning. These resultspoint to a differential contribution
of different thalamic nuclei, one
that channels information from
cerebellum (VLp) and the other
from the basal ganglia (VLa) to the
SMA during transfer of sequence-
specific learning. Previous
anatomical and physiological data
suggested that information
targeting different cortical motor
areas is in part processed through
networks involving subcortical
motor centers, such as basal
ganglia and cerebellum, through
the motor nuclei of the thalamus
[14–16]. These new results provide
evidence that these interactions
might take place in learning-related
processes in healthy humans and
suggest treatment strategies for
the interruption or stimulation of
intermanual transfer and probably
cortical reorganisation after brain
damage.
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